Introduction
============

Measles is a highly contagious infectious disease, with an estimated transmissibility to susceptible contacts of 70--100% \[[@B1]\]. Due to this high transmissibility, a level of herd immunity equal to 96--98% is estimated to be necessary to protect from measles outbreaks \[[@B1]\]. Measles can lead to serious complications such as pneumonia, otitis media, keratoconjunctivitis, and encephalitis \[[@B2]\]. It still represents a serious public health problem worldwide, being responsible for more than 100,000 deaths every year \[[@B3]\].

In industrialized countries, between 1.4% and 19.0% of measles cases require hospitalization \[[@B4][@B5][@B6][@B7]\].

However, measles is a vaccine preventable disease and the incidence of infection declined markedly worldwide after the introduction of a live-attenuated vaccine \[[@B2]\].

At present, vaccination for measles is mandatory in Italy \[[@B8]\]. The Decree-Law 73/2017 increased the number of mandatory vaccinations from four to ten, for minors up to 16 years old. Vaccination against pertussis, measles, mumps, rubella (MMR), varicella, and *Haemophilus influenzae* type b (Hib) was added to the list of already mandatory vaccinations (diphtheria, tetanus, hepatitis B and polio) \[[@B8]\]. According to the law, all people who refused to be vaccinated could be subject to a fine, or children could be denied attendance to education services until the age of 6 years old \[[@B8]\].

The current Italian national vaccination schedule includes two doses of combined measles-mumps-rubella vaccine: the first dose administered at 12--15 months of age and the second dose at 5--6 years of age \[[@B9]\].

The Italian health system is highly decentralized. Decentralization means great variability of health services across regions \[[@B10]\]. Regional differences in policies and financing cause a large vertical fragmentation in the extent and the quality of health strategies between regions or local health authorities of excellence, which are mainly found in the northern part of the country, and the remaining area of the nation \[[@B10]\]. These differences in the health system between regions can also influence the different adherence to the vaccine supply in the different areas of the country.

The World Health Organization Regional Office for Europe set a target to eliminate measles by the end of the year 2015 but failed to reach this goal \[[@B11]\]. Italy is one of the European countries where measles is still an endemic infection \[[@B11]\].

In order to eliminate measles, it is necessary to identify susceptible individuals, close any immunity gaps and reach adequate vaccination coverage \[[@B2]\]. For this purpose, an epidemiological survey of measles-related hospitalizations in Italy was carried out.

Materials and Methods
=====================

A retrospective observational study investigating hospitalizations for measles from 1 January 2004 to 31 December 2016 in Italy was performed.

The national hospital discharge database, held by the Ministry of Health (Ministry of Health -- General Management of Health Planning -- Hospital Discharge Records Database), was consulted to select the cases, coded according to the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) system. The hospital discharge registry contains information about each patient discharged from public and private hospitals; it includes data related to both clinical and organizational aspects of hospitalization, but it lacks information on laboratory-confirmed cases and vaccination status \[[@B12]\].

Measles-related codes include the following: post-measles encephalitis (055.0), post-measles pneumonia (055.1), post-measles otitis media (055.2), measles keratoconjunctivitis (055.71), measles with other specified complication (055.79), measles with unspecified complication (055.8) and measles without mention of complication (055.9). In this study, we included all admissions with at least one measles-related main or secondary discharge diagnosis.

Gender and age classes (\<1 year, 1--17 years, 18--44 years, 45--64 years, 65--85 years, \>85 years) of study population were analyzed. Data provided by the Ministry of Health did not contain any patient identifiers and was therefore completely anonymous. Ethical approval was therefore not required for this study.

Hospitalization rates were expressed × 100,000 persons. Population data for 2004--2016 was obtained from the Italian Institute of Statistics (ISTAT), which registers the national and regional population, by age group, as of the 1st of January for each year \[[@B13]\]. Surveillance data about vaccination coverage for measles at age 24 months was provided by the Italian Ministry of Health database \[[@B14]\]. The calculation of the coverage takes place on the basis of data on the vaccination activities that are sent to the Ministry of Health from autonomous regions and provinces, using a specific survey model \[[@B14]\]. The Ministry of Health publishes data on vaccination coverage for 24-month-old children, 36-month-old children (since 2016), 5--6-year-old children (since 2016), and 16--18-year-old adolescents (since 2017) \[[@B14]\].

Trends of vaccination coverage and hospitalization rates were analyzed using the slope of the regression line.

Choosing a cut-off equal to 90% for the average vaccination coverage for measles during the study period, the Italian regions was stratified into two groups: those with an average vaccination coverage \<90% ("low vaccination coverage" group) and those with an average vaccination coverage ≥90% ("high vaccination coverage" group) (Figure [1](#F1){ref-type="fig"}). Once the homogeneity of the distribution by sex and age of the reference population of these two regional groups was verified (Table [1](#T1){ref-type="table"}), admission frequencies and average annual hospitalization rates between them were compared. Categorical variables were analyzed using the χ2 test or the χ2 test for trend for ordinal variables; t test was performed to verify the significance when average hospitalization rates were compared. All significant tests were two-sided. A value of p-value \< 0.05 was considered significant. The statistical analyses were performed using STATA software package.

![Stratification of Italian regions by vaccination coverage for measles at 24 months of age, calculated by averaging the coverage over the 13-year period 2004--2016. \<90%: "low vaccination coverage" group; ≥90%: "high vaccination coverage" group.](agh-85-1-2455-g1){#F1}

###### 

Distribution by sex and age classes of reference population among low and high vaccination coverage groups (2004--2016).

  ----------------------------------------------- ------------------------------------------------- --------------------
                                                  Average Annual Reference Population (2004-2016)   
  Low Vaccination Coverage Group N = 29,635,096   High Vaccination Coverage Group N = 30,330,148    
                                                                                                    
  **Gender, n (%)**                                                                                 
  Male                                            14,343,551 (48.40)                                14,746,118 (48.62)
  Female                                          15,291,545 (51.60)                                15,584,030 (51.38)
                                                                                                    
  **Age classes, n (%)**                                                                            
  \<1 year                                        270,165 (0.91)                                    270,033 (0.89)
  1--17 years                                     5,015,831 (16.93)                                 4,585,337 (15.12)
  18--44 years                                    10,821,250 (36.51)                                10,682,995 (35.22)
  45--64 years                                    7,762,485 (26.19)                                 8,276,815 (27.29)
  65--85 years                                    5,171,505 (17.45)                                 5,809,795 (19.16)
  \>85 years                                      593,860 (2.00)                                    705,173 (2.32)
  ----------------------------------------------- ------------------------------------------------- --------------------

Results
=======

During the study period, 9,546 measles-related hospitalizations were collected in Italy, with an average annual number equal to 734 (Table [2](#T2){ref-type="table"}). The 52.18% (4,981/9,546) of admissions involved male patients and the majority of hospitalizations (56.12%, 5,357/9,546) occurred in the 18--44-year age group. A total of 19 measles-related deaths were detected, but none of these in infants aged \<1 year (data not shown).

###### 

Distribution by sex and age classes of hospitalized measles cases among low and high vaccination coverage groups (2004--2016).

  ------------------------ ----------------- --------------------------------------------------- ---------------------------------------------------- ---------------
                           TOTAL N = 9,546   Low Vaccination Coverage Group n = 6,344 (66.46%)   High Vaccination Coverage Group n = 3,202 (33.54%)   p-value
                                                                                                                                                      
  **Gender, n (%)**                                                                                                                                   **0.042\***
                                                                                                                                                      
  Male                     4,981 (52.18)     3,357 (52.92)                                       1,624 (50.72)                                        
  Female                   4,565 (47.82)     2,987 (47.08)                                       1,578 (49.28)                                        
                                                                                                                                                      
  **Age classes, n (%)**                                                                                                                              
  \<1 year                 590 (6.18)        423 (6.67)                                          167 (5.22)                                           **0.005\***
  1--17 years              3,082 (32.29)     2,402 (37.86)                                       680 (21.24)                                          **\<0.001\***
  18--44 years             5,357 (56.12)     3,271 (51.56)                                       2,086 (65.15)                                        **\<0.001\***
  45--64 years             364 (3.81)        181 (2.85)                                          183 (5.72)                                           **\<0.001\***
  65--85 years             129 (1.35)        55 (0.87)                                           74 (2.31)                                            **\<0.001\***
  \>85 years               24 (0.25)         12 (0.19)                                           12 (0.37)                                            0.127\*
  ------------------------ ----------------- --------------------------------------------------- ---------------------------------------------------- ---------------

\* χ2 test or the χ2 test for trend.

As shown in Figure [2](#F2){ref-type="fig"}, the overall measles hospitalization rates increased, over the study period, from 0.21 × 100,000 persons in 2004 to 0.82 × 100,000 in 2016 (β coefficient = 0.04; p = 0.689). The average hospitalization rate for the study timeframe amounted to 1.22 × 100,000 persons (Table [3](#T3){ref-type="table"}), with fluctuations due to periodic measles outbreaks occurred in 2006, 2008, 2011 and 2013, with a maximum peak equal to 4.17 × 100,000 persons in 2011. The average vaccination coverage of 24-month-old children with the first dose of measles vaccine was 88.5%, with a slightly decreasing trend (β coefficient = --0.03; p = 0.834). No statistical significant trends emerged.

![Temporal trend of hospitalization rates and vaccination coverage for measles (2004--2016). Trend test. Hospitalization rates: β coefficient = 0.04; p = 0.689. Vaccination coverage: β coefficient = --0.03; p = 0.834.](agh-85-1-2455-g2){#F2}

###### 

Average annual hospitalization rates by sex and age classes among low and high vaccination coverage group (2004--2016).

  -------------------------------------------------------- ------- -------------------------------- --------------------------------- -----------
  Average Annual Hospitalization Rates × 100,000 persons                                                                              
                                                           Italy   Low Vaccination Coverage Group   High Vaccination Coverage Group   p-value\*
                                                                                                                                      
  **Total**                                                1.22    1.34                             0.77                              **0.029**
                                                                                                                                      
  **Gender**                                                                                                                          
  Male                                                     1.31    1.80                             0.85                              **0.025**
  Female                                                   1.14    1.50                             0.78                              **0.036**
                                                                                                                                      
  **Age classes**                                                                                                                     
  \<1 year                                                 8.35    12.05                            4.76                              **0.047**
  1--17 years                                              2.47    3.68                             1.14                              **0.006**
  18--44 years                                             1.92    2.33                             1.50                              0.135
  45--64 years                                             0.17    0.18                             0.17                              0.706
  65--85 years                                             0.09    0.08                             0.10                              0.288
  \>85 years                                               0.14    0.16                             0.13                              0.874
  -------------------------------------------------------- ------- -------------------------------- --------------------------------- -----------

\* t test.

The percentage contribution per year by age groups was analyzed (Figure [3](#F3){ref-type="fig"}): a shift of mean age (from 1--17 years to 18--44 years) of measles-related hospitalizations was shown, particularly during measles outbreaks.

![Percentage contribution to hospitalized cases of measles per year by age classes (2004--2016).](agh-85-1-2455-g3){#F3}

Through a comparison of measles-related hospitalizations between low and high vaccination coverage groups (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}), a number of admissions for the low vaccination coverage group about twice as much as recorded for the other regional group was shown (6,344 vs. 3,202). A statistically significant difference (p = 0.042) according to gender emerged, with a male population more represented in the high vaccination coverage group (49.28% vs. 47.08%). Sixty-five percent of the admissions for this regional group affected the 18--44 age class versus a frequency of 51.56% recorded for the low vaccination coverage group (p \< 0.001). The age class 1--17 years, furthermore, was more represented in the low vaccination coverage group than in the other one (37.86% vs. 21.24%, p \< 0.001).

Children aged \<1 year presented the highest average annual hospitalization rate (8.35 × 100,000 persons), followed by 1--17 age class (2.47 × 100,000 persons). In the low vaccination coverage group the value of the average annual hospitalization rate for infants in the first year of life was about three times higher than that of the other regional group (12.05 vs. 4.76, p = 0.047). The same ratio was found for the 1--17 age class (3.68 vs. 1.14, p = 0.006).

Discussion
==========

This study, to our knowledge, is the first that compare regions with low or high vaccination coverage for measles, analyzing measles-related hospitalizations in Italy over a period of 13 years, using national discharge data. Our findings confirmed that large measles epidemics continue to occur in Italy, although with regional differences related to different rates of measles immunization.

Our results showed that the hospitalization frequency significantly increased in adults aged 18--44 years over the study period, confirming an increase in susceptibility to measles that, in turn, reflected an epidemiological transition of mean age of infection towards older age groups, as expected when suboptimal vaccination coverage is maintained for a long period \[[@B15][@B16]\]. These evidence are similar to those emerged by Italian study on laboratory confirmed measles cases: a case-based surveillance of measles in Sicily showed that about half of hospitalized cases were among adults aged 19 years and older, whereas a study on the evaluation of measles and rubella integrated surveillance system in Apulia region demonstrated that the age class 15--39 years was the most affected age group \[[@B17][@B18]\].

This increase in susceptibility could be observed due to the fact that some adults have never been exposed to measles or have never been vaccinated; other possible reasons could be primary or secondary vaccine failures: they were vaccinated but did not respond or they suffered a decline of vaccine-induced immunity \[[@B15][@B16][@B17][@B18][@B19]\]. It was demonstrated that having receive the last dose of measles vaccine more than 10 years previously was associated to a small but significantly increased risk of becoming infected compared with a more recent administration of the vaccine \[[@B20]\].

On the other hand, a decreasing trend of coverage vaccination was shown: this could be partly related to growing concerns about vaccine safety, encouraged by anti-vaccination movements \[[@B15]\]. In Italy, the use of internet as a source of information about vaccines and a large number of children in a family emerged as the factors more associated with a missed vaccination \[[@B21]\].

Children aged \<1 year presented the highest hospitalization rates, in line with the findings of other Western countries \[[@B22][@B23]\]. There are various reasons for this evidence. First of all, the actual vaccination policy that provides the administration of the first measles vaccine at the age of 13 months; secondly, contacts with adults susceptible to measles, which may represent an important reservoir for transmission; finally, the decline of indirect protection of infants through maternal antibodies transferred across the placenta and through the lactation \[[@B9][@B15][@B24]\]. In fact, measles-specific maternal antibodies decline gradually during the first year of life with the development of the infants' own immune system, but they could neutralize the vaccine antigens before the development of a specific immune response if the measles vaccine is administrated at an early age \[[@B24]\]. Furthermore, the proportion of antibodies received from a mother with vaccine-induced immunity is lower than that transmitted from a naturally immunized mother and, in recent times, the mother is more likely to have acquired measles immunity through vaccination \[[@B25]\]. So the possible increasing gap of susceptibility due to the early loss of maternal antibodies is of increasing concern \[[@B24]\]. In addition, several studies reported a considerable delay in administration of the first dose of vaccine in infants, as emerged for the administration of other vaccines, which could increase this gap even more \[[@B26][@B27][@B28]\].

Consequently, the timing of vaccination should be carefully determined, and the interval between vaccination and the loss of maternally derived antibodies should be minimized to protect children from infection with measles.

In our study, the average hospitalization rate for infants aged \<1 year in the low vaccination coverage group of regions was nearly one order of magnitude higher than that of the other group (12.05 vs. 4.76): this might suggest the need of the administration of a supplementary dose of measles vaccine from six months of age in this area, following the recommendations of the World Health Organization that provided the possibility of a supplementary dose from six months of age and before one year of age "during campaigns where the risk of measles among infants \<9 months of age is high", "for individual infants at high risk of contracting measles", along with the improvement of the immunization activities \[[@B29]\]. However, the number of hospitalizations for the high vaccination coverage group was around half of that of the other group; this could positively impact the risk to contract nosocomial infection and this is especially important for immune-deficient patients, who cluster in hospitals \[[@B30]\]. Furthermore, several studies indicated the hospital exposure as one of the main cause of measles outbreaks: reducing hospitalizations could contribute to limit measles transmission \[[@B31]\].

In Italy, hospitalizations have been estimated to account for 40--50% of direct costs of measles cases \[[@B30][@B31][@B32]\]. So a limited number of hospitalizations, as shown for the high vaccination coverage group of regions, implies a reduction of health costs for measles.

An average hospitalization rate equal to 1.22 × 100,000 persons was found. Considering that globally, measles incidence was usually expressed as cases per million population, this result suggested high rates of transmission in the community \[[@B15]\]. Additionally, an average hospitalization rate equal to 0.77 × 100,000 persons in the high vaccination coverage group indicated that a vaccination coverage ≥90% but less than 95% was insufficient for elimination. However, it is necessary to reach and maintain levels of immunity ≥95% in each birth cohort to avoid new reservoirs of susceptible children \[[@B7][@B33]\]. Indeed, it was documented that ≥95% of a population is needed to be immune in order to achieve herd immunity: this means stopping measles endemic transmission and protecting those subjects who cannot be vaccinated \[[@B1][@B30][@B34]\].

Two important figures emerged from this investigation: the involvement of the 18--44 age class in the high vaccination coverage group was 14% higher compared with the low vaccination coverage group, in which, however, 1--17 age class presented a frequency 16% greater.

With regard to the first point, taking into consideration the high susceptibility to measles in the 18--44 age group, strategy to catch up these subjects should be enforced. It was proposed to use the occasion of the pap-test screening or visits performed during sport activities to promote the vaccination \[[@B35]\].

The greater involvement of the 1--17 age class in the low vaccination coverage group implies the need to improve immunization activities in this area to reduce the risk of contracting measles in the population targeted by vaccination campaigns. To ensure this, it should be considered that the parents' worldwide acceptance of childhood immunization is a key issue. The lack of knowledge of the seriousness of the disease, skepticism about the vaccination benefits, and increased fear of adverse events following immunization are the main reasons of the decreased adherence to measles vaccination \[[@B33]\].

Consequently, in order to implement vaccination coverage, providing accurate information about clinical course of the disease and vaccine safety are crucial topics for healthcare professionals.

*Limitations of the study.* Using the hospital discharge database as informational flow, some diagnoses could be excluded or misattributed \[[@B36]\]. Nevertheless, as can be deduced from the consultation of the annual reports on hospitalization published by the Ministry of Health, the Italian hospital discharge database between 2004 and 2016 was characterized by a high level of completeness, with an average of 97.4% considering public and accredited private institutions, and an average error rate of 4.6% over the period considered, and with a minimum value of 0.6% achieved in 2016 \[[@B37]\]. The quality level of the hospital discharge database, therefore, is extremely high.

Furthermore, since the study was on national dimension, it is unlikely that this possible bias changed our final results \[[@B38]\]. However, as these findings were based on admission data, we took only severely affected subjects into account, excluding cases of mild measles that did not require hospital care. Additionally, the vaccination status of each case included in the analysis was not consider, as these data were not available. Finally, hospital discharge records did not allow to discriminate between nosocomial transmission of the infection and community acquired infection \[[@B38]\].

Conclusions
===========

In Italy, measles still represents a serious public health problem. For this purpose, countries aiming to eliminate measles, as Italy, should activate and implement catch-up, keep-up, and follow-up immunization campaigns, in order to reach and maintain a vaccination coverage ≥95% with the measles vaccine \[[@B19]\].
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